The early-stage (within 7 days of hydration) microstructures of cemented paste backfill (CPB) with different binders were compared using SEM and EDXS. The two types of CPB, denoted CPB1 (mixed with 5% Portland cement, PC) and CPB2 (mixed with 5% complex binder, CB), were prepared. In CPB, white particle accumulations (WPA) smaller than 10 µm filled the spaces surrounding the big tailings, small amounts of the WPA also adhering to the surfaces of the big tailings. The PC products self-aggregated within the CPB1 paste, and the CB hydration products were relatively evenly dispersed throughout the CPB2 paste. The initial microstructure of the CPB2 was more compact than that of the CPB1.
INTRODUCTION
Cemented paste backfill (CPB) is typically comprised of 70-85% solids by mass with amounts of fine particles sufficient for preventing particle precipitation and segregation and, thereby, water bleeding during pipeline transportation (Kesimal, et al, 2003; Fall et al, 2005) . Binders are added to the tailings of CPB in order to increase their mechanical strength. Binders have a 28-day curing strength of approximately 2 MPa. Binders typically account for 3-7% of the total solid mass of CPB. However, a binder can account for 75% of the cost of a cement backfill.
Portland cement is primarily binder in CPB (Ouellet, et al, 2007; Benzaazoua, et al, 2004; Yilmaz, et al. 2011) . Currently, a binder composed of slag powder (75%), Portland cement (15%), lime (5%), and anhydrite (5%) is used in most of the mines in China (Du, et al. 2012; Han 2001; Yang, et al. 2014 ) .
Although Ouellet et al. (2007) studied CPB microstructures using mercury intrusion porosimetry (MIP), no research concerning the application of SEM and EDXS to study the early-stage microstructures of CPB has been published. 
MATERIALS AND METHODS

Raw materials
The raw materials tested in this study included binders, tailings, and deionized water. The mine tailings were obtained from an iron mine in Anhui province, China. The major, moderate, and minor mineralogical contents of the tailings included dolomite [CaMg(CO3)2], quartz (SiO2), and hematite (Fe2O3), respectively. The particle size distributions of the tailings with particles larger than 0.075 mm and smaller than 0.075 mm were determined using a sieve analysis and laser imaging, respectively. The particle size distributions of the tailings are shown in Table 1 .
The chemical compositions are shown in Table 2 . The two binders used in this study included Portland cement (PC) and a complex binder (CB) comprised of blast-furnace slag powder (BFSP) (75%), PC (15%), lime (5%), and anhydrite (5%). The chemical compositions and physical properties of the binders are shown in Tables 2   and 3 , respectively.
Methods
The samples were prepared according to the mixture proportions shown in Table 4 . The samples were placed in sealed plastic barrels and maintained at 20°C. The samples were removed after the predetermined amounts of time had passed. A small piece of each sample was removed and immersed in CH 3 COCH 3 for 24 hours in order to terminate hydration. Then, the samples were dried at 60°C for 24 hours. The samples were subjected to the SEM and EDXS analysis seven days after hydration. A JSM-7500F SEM (Japan), with an operating voltage of 15 kV and a current intensity of 10 μA, was used for the SEM analysis. The EDXS, with an operating voltage of 15 kV, was used to examine the chemical compositions of the samples. 3. RESULTS AND DISCUSSION 3.1 Microstructures of the CPB1 and CPB2 samples after seven days of hydration Figure 1 displays the microstructures of CPB1 after seven days of hydration. After seven days of hydration, the CPB1 sample exhibited a large amount of white particle accumulations (WPA)
around the big tailings. Although the contours of the tailings were still recognizable and the paste still contained noticeable gaps, the CPB1 sample had an open structure in that the tailings were not entirely interconnected. In the CPB1 sample, 30-μm aggregates of cement hydration products were observed, indicated by arrows in Figure 1 . The hydration products primarily consisted of fiber-like CSH, as shown in Figure 2 . These results indicated that the PC hydration products self-aggregated in the CPB1 paste.
The EDXS analysis indicated that the chemical compositions of the WPA in the CPB1 sample, indicated by point C in Figure 3 , consisted of O/Ca/Fe/Mg/S/Al/Si with a Ca/Si molar ratio was 15.3. These results suggested that the Ca(OH) 2 in the PC hydration products could have been deposited on the surface of the WPA, leading to a substantial increase in the calcium contents of the WPA. The EDXS analysis also indicated that the big tailings in the CPB1 sample, indicated by point D in Figure 3 , consisted of O/Ca/Mg. In addition, identical to the Ca/Mg molar ratio of the tailings, the Ca/Mg molar ratio was equal to 1.09, as shown in Table 2 . These results indicated that no hydration products were deposited on the surfaces of the big tailing particles. Compared to the CPB1 sample, the CPB2 sample exhibited more WPA surrounding the big tailings and, thereby, a more compact microstructure (Figure 4) . However, the CPB2 sample was still characterized by an open structure at this point in time. In the CPB2 sample, needlelike ettringite crystals approximately 5 μm in length were deposited around the WPA, on the surface of the big tailings, and in the gaps in the paste, as shown in Figure 5 . The EDXS analysis indicated that the WPA in the CPB2 sample, indicated by point E in Figure 6 , was comprised of O/Mg/Ca/Si/Na/Al, with a Ca/Si molar ratio of 1.7. In addition to the ettringite crystals and WPA, a layer of mesh-like substances also covered the surfaces of the big tailings, as indicated by point F in Figure 6 . The EDXS results indicated that this layer was comprised of O/Mg/Ca/Si/Na/Al/S/K, with a Ca/Si molar ratio of 3.1. Thus, the chemical composition of the mesh-like substances was similar to that of the WPA, suggesting that the CB hydration products were relatively evenly dispersed throughout the CPB2 paste. In summation, the CPB was characterized by a low binder content. The number of hydration products, porosity, and solid connectivity were dependent on the type of binder. After seven days of hydration, the CPB was still characterized by an open structure in that the tailings were still not entirely interconnected. After seven days of hydration, the amount of uniform WPA and hydration products in the CPB2 sample was greater than that in the CPB1 sample. Thus, the early-stage microstructure of the CPB2 sample was more compact than that of the CPB1 sample.
This was the primary reason the compressive strength of the CPB2 sample after seven and twenty-eight days were 1.7 and 2.1 times greater than that of the CPB1 sample after seven and twenty-eight days, respectively (Table 4) . However, further studies concerning the effects of each component of the composite binders on their compressive strengths should be conducted.
CONCLUSIONS
(1) In the CPB1 sample with 5% PC, WPA smaller than 10 µm in length primarily filled the spaces surrounding the surfaces of the big tailings, with small amounts adhering to the surfaces of the big tailings. The PC hydration products self-aggregated within the CPB1 paste.
(2) In the CPB2 with 5% CB, WPA primarily filled the spaces surrounding the big tailings, with small amounts adhering to the surfaces of the big tailings. Needle-like ettringite crystals approximately 5 µm in length surrounded the WPA after seven days of hydration. The CB hydration products were relatively evenly dispersed throughout the CPB2 paste.
(3) Both the CPB1 and CPB2 samples exhibited open structures after seven days of hydration in that the tailings were not entirely interconnected. However, after seven days of hydration, the amount of uniform WPA and hydration products in the CPB2 sample was greater than that in the CPB1 sample. Thus, the early-stage microstructure of the CPB2 sample was more compact than that of the CPB1 sample.
